
Europalsches Patentamt 
European Patent Office 
Office europeen des brevets 



(5) Publication number: 




EUROPEAN PATENT APPLICATION 



@ Application number: 90116758.5 
@ Date of filing: 31.08.90 



® Int. CI .5: G03G 15/00 



<x) Priority: 31.08.89 JP 226509/89 


0 Applicant IVIITA INDUSTRIAL CO. LTD. 




2-28, Tamatsukuri 1-chome Chuo-ku 


® Date of publication of application: 


Osaka-shI Osaka-fu 540< JP) 


06.03.91 Bulletin 91/10 


© Inventor: Sugiyama, Tsukasa 




® Designated Contracting States: 


44-2, Okubo-cho 1-chome 


DE PR GB NL 


Morlguchi-shi, Osaka(JP) 




© Representative: Lehn, Werner, Dipl.-lng. et al 




Hoffmann, Eitle & Partner Patentanwalte 




Arabellastrasse 4 




W-8000 MUnchen 81(DE) 



@ A power supply control subsystem for an Image forming apparatus. 



@ A power supply control subsystem for an image 
fomiing apparatus is provided to control the operat- 
ing timing of multiple DC loads (19-23.25,43) accord- 
ing to selected image forming modes. Electric power 
is supplied from a single DC power source (38) to 
the plurality of DC loads (19-23,25,43) through cor- 
responding switching devices (31-37) inserted there- 



between. A control circuit (27) staggers the on-tim- 
ings of the switching devices (31-37) so that electric 
power is supplied to the DC loads (19-23,25,43) In a 
sequentially, predetermined priority order according 
to a selected image forming mode. 
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A POWER SUPPLY CONTROL SUBSYSTEM FOR AN IMAGE FORMING APPARATUS 



BACKGROUND OF THE INVENTION 



Reld of the Invention 

The present invention relates to an image for- 
nning apparatus, and more particularly, to an image 
forming apparatus having multiple DC loads which 
are effectively supplied with electric power from a 
single DC power supply. 



Background and Related Art 

Japanese Patent Unexamined Publication No. 
63-95465 describes a conventional load power con- 
troller for a copying machine. The copying machine 
has two large power consuming AC loads: an expo- 
sure lamp and a fuser heater. Coordinating the 
operation of the exposure lamp and the fuser heat- 
er is important for consistent AC power distribution. 
For example, when the exposure lamp is lighting 
up. the AC power supply voltage varies depending 
upon whether the fuser heater is turned on or off. 
As a result of the voltage variation, the amount of 
light emitted from the exposure lamp varies, often 
causing copy irregularities (or density irregularit- 
ies). 

To avoid problems such as copy irregularities, 
the conventional load power controller provides 
staggered on-timlngs for the exposure lamp and 
the fuser heater so that these AC loads are not 
activated simultaneously. Accordingly, variations in 
tiie AC power supply voltage is minimized, thereby 
effectively eliminating the light amount variations of 
the exposure lamp (specifically, a density ir- 
regularities In copy images). 

More recent copying machines contain many 
DC motors for driving certain components in the 
machine. For example, a copying machine may 
contain a paper feed motor, a drum motor, a trans- 
fer motor, a cleaning motor, a fuser motor, and a 
paper refeed motor for feeding paper from an Inter- 
mediate tray. The copying machine may also con- 
tain a DC heater for heating a photosensitive drum. 

A single DC power supply is generally used to 
provide DC power to the DC loads. The conven- 
tional load power controller for the AC loads de- 
scribed above has been proposed to control the 
DC power supplied to the multiple DC motors. 
Under this proposal, however, no consideration is 
given to the DC loads because the DC power 
supply, unlike the AC power supply, is free from 
voltage variation. When one of the DC loads is 



greatiy increased, a safety circuit of the DC power 
supply restricts the output current tiierefrom, giving 
rise to a problem. With tiie cunrent restricted, the 
DC motor requires more time to start up. No tech- 
5 nical measure has been taken for such a problem. 

Therefore, when multiple DC loads employed 
in conventional copying machines are employed, 
the current restriction from the DC power supply 
may result in unstable operation and delay in start 

10 up timings of the DC loads. Such a condition 
should be removed. 

Accordingly, the present invention has a chief 
object to provide a power supply control device for 
controliing the power supplied to multiple DC loads 

IS from a single DC power supply. 

Another conventional copying machine in- 
cludes multiple drive devices, for driving corre- 
sponding DC motors, which are selectively driven 
according to a selected copy mode. However, in 

20 this copying machine, the order in which the drive 
devices are turned on according to copy modes 
has not been optimized for maximum operational 
efficiency. When switching from one copy mode to 
another, the first copy is remarkably slow due to 

25 the inefficient order of activating the drive devices. 
Thus, copying efficiency Is impaired. 

Accordingly, another object of the present in- 
vention is to provide a power supply conti-ol device 
for controlling the start-up timings of the DC motors 

30 in an efficient operating order according to copy 
modes. 



SUMMARY OF THE INVENTION 

35 

Accordingly, the present invention provides an 
image forming apparatus having multiple image 
forming modes. Electric power is supplied from a 

40 single DC power source to a plurality of DC loads 
through corresponding switching devices inserted 
therebetween. A control circuit staggers the on- 
timings of the switching devices so that electric 
power is supplied to the DC loads in a sequentially, 

45 predetermined priority order according to a se- 
lected image forming mode. 

When a DC motor starts up, a relatively large 
surge current flows. According to the present in- 
vention, the control circuit staggers the on-timlngs 

so of the switching devices to prevent concurrent sup- 
ply of power to the DC motors. After a first DC 
motor is started and the surge current therein sub- 
sides, power to the next DC motor is supplied. 
Hence, a simultaneous flow of surge currents into 
multiple DC motors is prevented. 
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The DC motors are selectively driven in a 
predetermined priority order according to selected 
copy modes. By utilizing this feature, the drive 
motors necessary for paper feed (i.e., a paper feed 
unit motor for the obverse side copy, and a paper 
refeed motor for the reverse side copy) are first 
driven to start the paper feed. Then, the photosen- 
sitive drum motor and the developing motor are 
driven in successive order. In this manner, the 
paper feed starts simultaneously with the start of 
the copying operation. Accordingly, operating effi- 
ciency is improved since the speed of the first 
copy following a copy mode change is increased 
due to the efficient order of activating the drive 
devices. 



BRIEF DESCRIPTION OF THE DRAWINGS 



These and other advantages will become more 
apparent from the detailed description of the pre- 
ferred embodiment as illustrated by the following 
drawings: 

FIGURE 1 shows a flowchart of the operation of 
a power supply control device for a copying 
machine according to the present invention; 
FIGURE 2 shows a flowchart of the operation of 
a copying processing operation of the power 
supply control device according to the present 
invention: 

FIGURES 3(A) through 3(D) provide graphs illus- 
trating surge current characteristics in DC mo- 
tors and current restrictions of a DC power 
source; 

FIGURE 4 shows a schematic of the innards of 
a copying machine, which is provided with a 
power supply control device according to an 
embodiment of the present invention; and 
FIGURE 5 is a block diagram showing an ar- 
rangement of the power supply control device 
contained in the copying machine of the present 
invention. 



DESCRIPTION OF THE PREFERRED EMBODi- 
MENT 



A preferred embodiment of the present inven- 
tion will be described in detail with reference to the 
accompanying Rgures. 

FIGURES 3(A)-3(D) graphically illustrate the re- 
lationship between an initial surge current of a DC 
motor and a DC power source, wherein the abscis- 
sas represent time, and the ordinates represent 
either current (FIGURES 3(A)-3(C)) or voltage 
(FIGURE 3(D)). To start up a DC motor, a large 



drive force is required initially, resulting in a surge 
current. As shown in FIGURE 3(A). a surge current 
occurs in each DC motor (1) and (2) before steady 
state current flow is achieved, thereby giving rise to 

5 the initial current spikes X and Y, respectively, 
followed by the flat constant current regions. Ac- 
cordingly, when two DC motors (1) and (2) simulta- 
neously start up as shown in FIGURE 3(B), a 
considerably large surge current Z is required ini- 

70 tially. 

DC power sources are generally provided with 
safety circuits. When a current from a DC power 
source exceeds a fixed value, the safety circuit 
restricts the current. Thus, a surge current shown 

75 in FIGURE 3(B) is not normally permitted to flow, 
but is restricted to a fixed value illustrated by the 
dashed line. Under this safety circuit restriction, a 
simultaneous start-up of both DC motors (1 ) and (2) 
cannot occur because the large surge current nec- 

20 essary to start up both DC motors is not permitted 
to flow. Instead, during simultaneous start-up, a 
surge currents are spread over time to start up the 
DC motors successively as indicated by the two 
current spikes X and Y in FIGURE 3(C). Therefore, 

25 when starting up. the operating voltage of each DC 
motor rises slowly as indicated by a one-dot-chain 
line in FIGURE 3(D). thereby retarding the desired 
start-up time. 

Furthermore, due to this flow restricted con- 

30 dttion. the order in which the two DC motors (1) 
and .(2) start up varies. Thus, the DC motors are 
operated in an unstable state. The instant embodi- 
ment is directed to solve such a disadvantage. 
FIGURE 4 shows a copying machine 10 having 

35 an optical system which includes an Illumination 
lamp 11, a plurality of reflecting mirrors 12, and a 
condensing lens 13. The copying machine 10 fur- 
ther includes an image forming system comprising 
a photosensitive drum 41. a drum heater 26. a 

40 charger 14, a developing unit 15. a 
transfer/separation charger 16. and the like. Also 
included in the cc^ying machine 10 is a transfer 
roller 17, a transfer belt 18, and a fixing unit or 
fuser 42. 

45 Corresponding DC motors are provided for the 

components discussed atW3ve. An optical scan mo- 
tor 19 is provided to drive the illumination lamp 11, 
and the like, in a scanning pattern. A drum motor 
20 is provided to rotate the photosensitive drum 41 . 

50 A developing motor 21 drives agitating and devel- 
oping sleeves in the developing unit 15. A transfer 
motor 22 drives a paper transfer unit. A fuser motor 
23 drives a fuser roller in the fuser 42. A paper- 
feed unit motor 25 feeds paper, which is not yet 

55 copied, to the paper transfer unit. A paper refeed 
motor 43 feeds paper, having one side copied, 
from an intenmediate tray 40 to the paper feed unit. 
FIGURE 5 is a block diagram showing an ar- 
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rangement of the power supply control device con- 
tained in the copying machine 10. The control 
circuit comprises a CPU 27, a ROM 28 and a RAM 
29. the ROM 28 stores operating programs em- 
ployed by the CPU 27, and the RAM 29 provides 
data read/write capabilities. The CPU 27 is coupled 
to motor drivers 31-37 via an input/output (I/O) 
interface 30. The motor drivers 31-37 respectively 
drive the optical scan motor 19. the drum motor 20, 
the developing motor 21, the transfer motor 22, the 
fusing motor 23. the paper-feed unit motor 25, and 
the paper refeed motor 43. 

The drum heater 26 is coupled to the I/O 
interface 30 and contains a switching circuit. A DC 
power supply 38 Is coupled to the I/O Interface 30 
and supplies a drive electric power to the motor 
drivers 31-37 and the drum heater 26. 

The operation of the power supply control de- 
vice shown in RGURE 5 will be described with 
reference to FIGURE 1 . 

At step Si, the power supply control device 
checks to see if an input has been entered to a 
keyboard (not shown) installed in the copying ma- 
chine 10. When an input is detected, an input 
processing is executed at step S2. At step S3, the 
CPU 27 determines whether a print key instructing 
the copying machine 10 to begin operation is 
turned on. If the print key Is not tumed on. control 
is returned to the initial input checking step SI . 

However, if the print key is turned on, the CPU 
27 determines at step S4 if the paper was fed from 
the intermediate tray 40. If the paper was not fed 
from the intermediate tray 40 (indicating copy of 
tiie obverse side), the CPU 27 instructs motor 
driver 36 via the I/O interface 30 to start-up the 
paper feed unit motor 25 at step S5. On the other 
hand, if the paper was fed from the intermediate 
tray 40 (indicating copy of the reverse side), the 
motor driver 37 is instructed to drive the paper 
refeed motor 43 at step 86. 

The control operation Is then delayed for 0.3 
seconds at step 37. After the 0.3 seconds delay, 
the motor driver 32 drives the drum motor 20 at 
step 88. Operation Is then paused for another 0.3 
seconds at step 89. Afterwards, the CPU 27 con- 
trols the motor driver 33 to drive Uie developing 
motor 21 at step 810. After a stabilizing processing 
operation is applied to the photosensitive drum 41 
at step S11 (e.g., removal of residual potential), the 
motor driver 34 drives tiie transfer motor 22 at step 
812. 

The control operation is then paused for 0.3 
seconds at step 813. After this pause, the fusing 
motor 23 is driven at step 814. Following another 
0.3 second delay incurred at step 315, the CPU 27 
determines at step 816 whether the copied paper 
Is destined for the intermediate tray 40. If the 
destination is tiie intermediate tray 40, the CPU 27 



instructs ttie motor driver 37 to drive the paper 
refeed motor 43 at step 818. The CPU 27 tfien 
executes a copy processing operation at step 319. 
According to the above described operation, 
5 the DC motors in the copying machine 10 are 
driven in accordance with copy modes. In this 
manner, the DC motors are successively operated 
in the most efficient order for that particular copy 
mode, thereby reducing the first copy delay exper- 

10 lenced in conventional copying machines. 

The CPU 27, operatively coupled tfirough the 
I/O interface 30 to the motor drivers 31-37, stag- 
gers the start-up timings of the DC motors at 
preset time intervals of, for example, 0.3 seconds. 

T5 This preset time interval is slightiy longer than the 
duration of the surge current during tiie start-up of 
a DC motor. Thus, the surge current resulting from 
the start-up of one DC motor is ended prior to the 
start-up of the next DC motor. Accordingly, the 

20 surge currents resulting from tiie start-up of each 
successive DC motor do not occur concurrentiy. 
Thus, the power supply control device of the 
present Invention can stably drive multiple DC 
loads without any restriction of the current fed from 

25 a DC power source. 

In step 819 of the control operation illustrated 
In FIGURE 1, the copy processing operation Is 
executed. During this operation, the optical scan 
motor 19 and the drum heater 26 are employed. 

30 The CPU 27 controls the start up timings of the 
optical scan motor 19 and the drum heater 26. 

A specific control operation for the copy pro- 
cessing operation Is shown FIGURE 2. The CPU 27 
determines at step 821 whether Uie drum heater 

36 26 should be turned on. If the drum heater 26 
should not be turned on, the CPU 27 determines 
whether the optical scan motor 19 should be driven 
at step 822. If tiie optical scan motor 19 should be 
driven, the CPU 27 instructs tiie motor driver 31 at 

40 step 823 to drive the optical scan motor 19. 

On the otiier hand, if at step 821 the CPU 27 
determines tiiat the drum heater 26 should be 
turned on, the CPU 27 then determines whether 
the optical scan motor 19 should be driven at step 

45 824. If ttie answer is YES, the optical scan motor 
19 is driven at step 825. Control operation is then 
paused at step 326 a preset time, for example. 0.5 
seconds. After tiie 0.5 second delay, the CPU 27 
turns on the drum heater 26 at step 827. Accord- 
so Ingly, the DC power supply supplies electric power 
first to the optical scan motor 19. and then to Uie 
drum heater 26. 

The preset time delay in step 826 is set to be 
slightiy longer than tiie time duration of surge cur- 

55 rent resulting from the start-up of the optical scan 
motor 19. This delay does not create any problem 
in reading an original. Moreover, since the optical 
scan motor 19 is driven prior to heating the drum 
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heater 26, the optical scan motor 19 may begin 
turning without any delay. Thus, the copying speed 
is never diminished. 

Although the power supply control apparatus 
according to the present invention has been de- 
scribed in the preferred embodiment of the copy- 
ing machine 10. the power supply control appara- 
tus may be employed in any apparatus having 
multiple DC loads supplied with electric power from 
a single DC power source, such as a facsimile, a 
printer, or the like. 

It is to be understood that the invention is not 
limited to the disclosed embodiment, but is in- 
tended to cover various modifications and equiv- 
alent arrangements included within the spirit and 
scope of the appended claims. 

Clalnns 

1 . A power supply control subsystem for an image 
forming apparatus having multiple image forming 
modes, comprising: 

a single DC power supply; 
a plurality of DC loads; 

switching means having a plurality of switches, 
each of said switches corresponding to one of said 
DC loads, for selectively coupling power from said 
single DC power source to each of said plurality of 

DC loads; and 

control means for controlling said switching means 
to selectively couple power to each of said DC 
loads in a time-staggered, predetermined priority 
order. 

2. An power supply control subsystem according to 
claim 1. wherein said power is coupled to succes- 
sively ordered DC loads in approximate 0.3 second 
intervals. 

3. An power supply control subsystem according to 
claim 1 , wherein one of said DC loads is one of an 
optical scan motor, a drum motor, a developing 
motor, a transfer motor, a fusing motor, a paper 
feed unit motor, a paper refeed motor, and a drum 
heater. 

4. An power supply control subsystem according to 
claim 1 , wherein said switching means comprises a 
input/output interface between said control means 
and said plurality of DC loads. 

5. A power supply control subsystem for an image 
forming apparatus having multiple Image fonming 
modes, comprising: 

a single DC power supply for supplying DC power; 
a plurality of DC motors; 

a plurality of motor drivers, one said motor driver 
for a corresponding one of said DC motors; 
at least one DC heater; 

said motor drivers and said DC heater being coup- 
led to receive said DC power from said single DC 



power supply; 

control means for generating control signals to 
time-stagger start-up times of said DC motors and 
said DC heater in a predetermined priority order 
5 according to a selected one of said image forming 
modes; and 

interface means, coupled between said control 
means and said motor drivers and DC heater, for 
selectively coupling said DC power to said motor 
70 drivers to thereby start up said DC motors and to 
said DC heater in accordance with said control 
signals generated by said control means. 

6. A power supply control subsystem for an image 
forming apparatus according to claim 5, wherein 

IS said DC power is coupled to successively ordered 
motor drivers in approximate 0.3 second intervals. 

7. A power supply control subsystem for an image 
forming apparatus according to claim 5, wherein 
one of said DC motors is one of an optical scan 

20 motor, a drum motor, a developing motor, a trans- 
fer motor, a fusing motor, a paper feed unit motor, 
a paper refeed motor, and a drum heater. 

8. A power supply control subsystem for an image 
forming apparatus having multiple image forming 

25 modes and including a plurality of DC loads being 
driven by a single DC power supply, said image 
forming apparatus comprising means for selectively 
coupling said DC power supply to each of said 
plurality of DC loads in a time-staggered, predeter- 

30 mined priority order In accordance with a selected 
one of said Image forming modes. 

9. A method for operating a power supply control 
subsystem for an image forming apparatus having 
a plurality of image forming modes and including a 

35 single DC power supply coupled to a plurality of 
DC loads via a corresponding plurality of switches, 
and control means for controlling said plurality of 
switches, comprising the steps of: 
determining which image forming mode is selected 

40 from one of said plurality of Image forming modes; 
controlling a first of said switches to direct power 
from said single DC power supply to said DC load 
corresponding witii said first switch; 
delaying for a predetermined period of time; and 

45 controlling a second of said switches to direct 
power from said single DC power supply to said 
DC load corresponding with said second switch; 
wherein the control order of said first and second 
switches Is in accordance with said selected Image 

50 forming mode. 

10. A method for operating a power supply control 
subsystem for an image forming apparatus having 
a plurality of image forming modes and including a 
single DC power supply coupled to a plurality of 

55 DC motors via a corresponding plurality of switch- 
es, said DC motors including an optical scan mo- 
tor, a drum motor, a developing motor, a transfer 
motor, a fusing motor, a paper feed unit motor, a 
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paper refeed motor, said image forming apparatus 
further including control means for controlling said 
plurality of switches to selectively couple said DC 
power supply to each of said plurality of DC loads 
in a time-staggered, predetermined priority order in s 
accordance with a selected one of said image 
forming modes, comprising the steps of: 
coupling DC power from said DC power supply to 
one of said paper feed motor and said paper 
refeed motor; to 
delaying for a predetermined time period; 
coupling said DC power to said drum motor; 
delaying for said predetermined time period; 
coupling said DC power to said developing motor; 
coupling said DC power to said transfer motor; is 
delaying for said predetermined time period; 
coupling said DC power to said fusing motor; 
delaying for said predetermined time period: and 
coupling said DC power to said paper refeed mo- 
tor. 20 
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